Treatment of 3,5-dibromoverongiaquinol (1) with NaHCO 3 -MeOH at room temperature gave cavernicolin-1 (2), cavernicolin-2 (3), the 4,7-dimethoxy analogue of subereatensin (4) and dimethyl ketal (5). These transformations may clarify the origin of the cavernicolins and subereatensin isolated from the extracts of some verongid sponges.
Extracts of marine sponges of the order Verongida are known to contain a variety of quite simple brominated compounds. The origin of the majority of these compounds is not clear, and in order to explain the chemistry of their formation some hypothetical suggestions [1, 2] were previously made. In the course of our continuing research into the chemistry of verongid dibromocompounds [3, 4] , we studied base-mediated transformations of 3,5-dibromoverongiaquinol (1) [5] possessing antimicrobial [6] , cytotoxic [7] and Na + /K + ATPase inhibitory [8] activities. This study may clarify the origin of several compounds that have been found in the extracts of verongid sponges.
Treatment of 1 with NaHCO 3 -MeOH at room temperature gave cavernicolin-1 (2), cavernicolin-2 (3), cyclopentene carboxylate (4) and dimethyl ketal (5) ( Figure 1 ). The structures 2-5 were elucidated on the basis of 1 H and 13 C NMR spectroscopy (including COSY, HMBC, and NOESY experiments), IR spectroscopy, ESI and EI mass spectrometry; the earlier described compounds 2, 3, and 5 were identified by comparison of their spectral data with those given in the literature [9, 10] . Intramolecular conjugate addition reaction of the cyclohexadienone amide 1 provided γlactams 2, 3 under conditions that have been used for intramolecular cyclization of a cyclohexadienone carbamate [11] . In addition, two by-products, 4 and 5, were obtained by us under these conditions.
The cyclopentene carboxylate 4 may be formed by nucleophilic addition of an amide group and methanol to the α,β-unsaturated ketone 1 via the Favorskii rearrangement of the probable intermediate 6. There are analogies with the Favorskii rearrangements of 1,3-dibromobutanone-2 to isocrotonic acid in NaHCO 3 -H 2 O at room temperature [12] , and some α,α'dibromocyclohexanones to cyclopentenecarboxylic derivatives in the presence of certain nucleophilic bases [13] .
Cavernicolin-1 (2) and cavernicolin-2 (3) have been isolated from the verongid sponges Aplysina (Verongia) cavernicola [9] , Suberea aff. praetensa [14] and Aplysina fulva [15] . The synthesis of both the cavernicolins has not been accomplished, although a mixture of related cavernicolin-like compounds was obtained by intramolecular Michael-type cyclization of esterified 3,5dibromotyrosine via anodically generated 3,5-dibromoquinols [16] . Compound 4 is a methoxy analogue of subereatensin (7) from the sponges Suberea aff. praetensa [14] and Aplysina fulva [15] . The synthesis of 7 has not been developed earlier. The dimethyl ketal 5 has been obtained for the first time from the extract of the sponge Verongia fistularis [10] . Compound 5 has been expected to be formed from the cyclohexadienone 1 by addition of methanol during the isolation procedure [10] . However, attempted syntheses failed to convert 1 into any ketals [1, 10] . The γ-lactams 2, 3 and 7 were considered naturally occurring compounds of verongid sponges. Oxidation of 3,5-dibromotyrosine was proposed as a model reaction for the biogenesis of the cavernicolins [16] , although compounds 2 and 3 have been formally viewed as products of intramolecular conjugate addition of 3,5dibromoverongiaquinol [9] . An hypothetical biogenetic pathway from tyrosine was suggested for subereatensin (7) [17] . Therefore, the formation of compounds 2-4 from the cyclohexadienone 1 under mild conditions is not consistent with the previous suggestions about the probable precursors providing the cavernicolin and subereatensin skeletons. However, the last hypothesis concerning the origin of some monocyclic nitrogenous compounds of Aplysina sponges [18] may assume a key role of 3,5-dibromoverongiaquinol (1) in the formations of the closely related compounds. According to the hypothesis, some antipredatory brominated isoxazoline alkaloids of the Aplysina sponges are cleaved into compounds (including 1) with pronounced antimicrobial activity in the course of wound-induced bioconversion. Observations on Aplysina spp. have shown that storage of fresh sponge tissue in organic solvents elicited the cleavage of isoxazoline alkaloids to an extent similar to that of mechanical injury [18] . Thus, compounds having the cavernicolin and subereatensin skeletons may be formed in extracts from the precursor 1 as a result of biodegradation followed by chemical transformations, but not as a result of biosynthesis. The fact that the cavernicolins 2 and 3 were isolated as racemates [9] may be a consequence of the transformation of the achiral 1 into 2 and 3. Subereatensin (7) appears to be derived from 1 under mild conditions in EtOH, like its analogue 4 in MeOH.
It should be noted that the cyclohexadienone 1 was found in most of the marine sponges of the order Verongida, but the γ-lactams 2, 3 and 7 in only a few verongid sponges [9, 14, 15] . Alkaline conditions that catalyzed the described lactamization, addition of alcohol and Favorskii rearrangement were not used for the isolations of compounds 2, 3 and 7. It is of special interest that ethanol was used for extraction only during the isolation procedure of subereatensin (7) [14, 15] . The presence (or higher concentration) of an unidentified catalytic agent of basic type in a few verongid sponges may rationalize the formations of the rare cavernicolins-1, -2 (2, 3) and subereatensin (7) from common 3,5-dibromoverongiaquinol (1) in their extracts.
Experimental
General experimental procedures: IR spectra were obtained on a Bruker Equinox 55 Fourier-spectrophotometer in CDCl 3 and KBr. EI and ESI (positive ion mode) MS were recorded on an AMD-604S mass spectrometer. The 1 H and 13 C NMR spectra were recorded on Bruker DRX-500 and Bruker Avance III 700 spectrometers at 500.13, 700.13 MHz ( 1 H) and 125 MHz ( 13 C), with TMS as internal standard. Column chromatography was performed using silica gel L (40/100 m, Chemapol, Czechoslovakia). HPLC was conducted on a Du Pont Series 8800 Instrument with a RIDK-102 refractometer using an Agilent ZORBAX Eclipse XDB-C8 (4 x 150 mm) column in mixtures of EtOH and H 2 O. 3,5-Dibromoverongiaquinol (1) was isolated from the sponge Aplysina sp. [19] . All solvents used were glass distilled prior to use.
Synthesis of compounds 2-5: 3,5-Dibromoverongiaquinol (1, 70.6 mg) was dissolved in a saturated solution of NaHCO 3 in MeOH (1.5 mL), and the solution was kept at room temperature for 7 days. Then the mixture was evaporated in vacuo and the solid was subjected to CC over silica gel using EtOAc. The eluted fraction (≈40 mg) was separated by reversed-phase HPLC with 10% EtOH to yield a 2:1 equilibrium mixture of cavernicolin-1 (2) and cavernicolin-2 (3), 17.8 mg (33%), as well as the 4,7-dimethoxy analogue of subereatensin (4), 2.0 mg (4%), dimethyl ketal (5), trace amounts, and the starting compound 1, 16.4 mg. The retreatment of 1 (12.6 mg) with NaHCO 3 -MeOH for 2 months gave a mixture (5.2 mg) of both the cavernicolins (2, 3) and dimethyl ketal (5) (≈2:1). 
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